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1 Introduction
In Ran1#61 meeting, the following agreement was made:
· At least two new Rel-10 UE-specific RRC-configured transmission modes for PUSCH of UE with multiple APs: 

· Single-antenna port mode

· Multi-antenna port mode supporting up to 2 TB (the number of antenna ports depends on the UE capability). 

· FFS whether or not a third RRC-configured multi-antenna transmission mode is needed

· For PUSCH, a dynamic switching between the configured transmission scheme and a single-port fallback scheme with the same DCI format for all RRC configured modes.  
In Ran1#62 meeting, the WF on PUSCH resource allocation was determined and SAP DCI format size with a 1-bit flag differentiation between contiguous and non-contiguous RA is same as DCI format 0. 

In this document, we propose some considerations for uplink transmission modes and control signaling.
2 Multi-antenna ports transmission modes  
In Rel-10, the RRC-configured multi-antenna port modes supporting up to 2 TB are introduced into UL transmission. Therefore, the new control signaling and transmission modes need to be defined [1-3]. Considering backward compatibility, the UE monitors 2 DCI formats—Rel8/9 DCI format 0 with single-port fallback scheme and DCI format X supporting the new features. There are two TMs which can be potentially defined in Rel-10 as shown in table 1。
Table 1 UL transmission mode
	UL Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	mode 1
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, contiguous or non-contiguous RA.

	
	DCI format 4
	UE specific by C-RNTI
	Multi-antenna port spatial multiplexing with 2-TB assignment

	mode 2
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, contiguous or non-contiguous RA.

	
	DCI format 4A
	UE specific by C-RNTI
	Closed-loop spatial multiplexing using a transmission layer


The DCI format 4 is configured to support multi-antenna ports closed-loop spatial multiplexing with up to 2CWs, and format 4A is configured for multi-antenna transmission with 1 TB (or single-layer transmission) like DL transmission mode 6 in Rel-8 for reducing the PDCCH payload and increasing the coverage. The contents of DCI format are listed in Table 2 (the table didn’t list the CIF). Although DCI format 4 can support rank-1 precoding with disabling one TB, it needs to define the format 4A from the perspective of control signaling overhead.    
Table 2 DCI format 4 and 4A for MAP in LTE-A
	
	Format 4
	Format 4A

	Information field
	Bit size
	Bit size

	RA flag
	1
	1

	Hopping flag
	1(TBD)
	1(TBD)

	RB assignment
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	MCS and RV - 1st TB
	5
	5

	NDI-1st TB
	1
	1

	MCS and RV-2nd TB
	5
	-

	NDI-2nd TB
	1
	-

	TB to codeword swap flag
	0 or 1
	-

	Cyclic shift for DMRS  
	3
	3

	Precoding information
	3 (2Tx), 6 (4Tx)
	2(2Tx), 5 (4Tx)

	TPC for PUSCH
	2
	2

	UL index
	2
	2

	DAI for TDD
	0 (for FDD), 2(for TDD)
	0 (for FDD), 2(for TDD)

	CQI request
	1
	1

	Aperiodic SRS request
	1
	1


The following aspects were considered:
· MCS and NDI 

It is agreed that two MCS and NDI associated with the two transport blocks are needed when up to 2TBs can be transmitted.       
· TB to codeword swap flag
In Rel-8 DL MIMO, TB to CW swap flag can be also used for UL SU-MIMO to avoid antenna gain imbalance. However, due to the precoded DMRS like Rel-9, the gain with TB to codeword swap flag may be not evidently.    
· TPC for PUSCH
2 bits TPC field to schedule PUSCH transmission without per-layer and/or per PA power control.  
· Precoding information
For uplink spatial multiplexing with two transmission antennas, 7 precoding matrixes (3bits) are determined. Meanwhile, for four transmit antennas, 53 precoding matrixes (6bits) are defined. 
· Disable one of TBs
In Rel-8/9 DL one TB is disabled when IMCS=0 and rvidx=1, and this method can’t be reused in LTE-A for MCS and RV are coded jointly in UL. The new indicating method should be designed. In MCS, TBS and RV table for PUSCH, some index values are defined to CQI request indication and IMCS value also could to be redefined, for example the state IMCS=0 which indicates only control information transmission could be used to indicate the disabled TB. And this method also can be designed to retransmit one CW. When one of TBs is disabled, the enabled TB only can be mapped to CW0. It is shown in [4, 5] that with a new information indication field, the payload could be reduced, however, the necessity which introduces the field to reduce the DCI size should be considered. 
· CQI request

In Rel-8/9, if
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, then there is no transport block for the UL-data and only the control information feedback is transmitted by the UE. The same method also could be reused MAP mode by setting
[image: image5.wmf]MCS1

29

I

=

,
[image: image6.wmf]MCS2

29

I

=

, 
[image: image7.wmf]4

PRB

£

N

and “CQI request” bit=1. However, whether the control information need transmit with spatial multiplexing should be considered. For the control information, the single-layer transmission shows more robust. 
· Aperiodic SRS request
The aperiodic SRS request field need further discuss, and this field needs 1 bit at least. 
3 Conclusions
We discussed the design of transmission modes and control signaling for LTE-A. Finally, we suggested the following issue:
· Define two TMs for MAP with 2TB and MAP with 1TB
· New definitions of DCI format are shown in Table 2. 
	
	Format 4
	Format 4A

	Information field
	Bit size
	Bit size

	RA flag
	1
	1

	Hopping flag
	1
	1

	RB assignment
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	MCS and RV - 1st TB
	5
	5

	NDI-1st TB
	1
	1

	MCS and RV-2nd TB
	5
	-

	NDI-2nd TB
	1
	-

	TB to codeword swap flag
	0 or 1
	-

	Cyclic shift for DMRS  
	3
	3

	Precoding information
	3 (2Tx), 6 (4Tx)
	2(2Tx), 5 (4Tx)

	TPC for PUSCH
	2
	2

	UL index
	2
	2

	DAI for TDD
	0 (for FDD), 2(for TDD)
	0 (for FDD), 2(for TDD)

	CQI request
	1
	1

	Aperiodic SRS request
	1
	1
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